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main program : xspech
Initialize
1. call readin ; reads ext.spec ;
2. call al0Daa ; allocates, initializes, ...

3. call gf00aa(P
x = (iRbey, i%hs;, iRbs . 1Zbe; )T /W5,
for j=1,mn; [ =1 Mvol —1

call volOaa ; V; = dv
Vi

5. if Ladiabatic=0, adiabatic[l] = F; = p;VE’T
Compute Equilibrium
if Ngeometricaldof > 0, solve for x :

1. if Lminimize = 1, call pc00aa(x)

2. if Liindzero > 0, find x s.t. Fy[x] = 0. where
if( Igeometry=1, Igeometry=2 ),
Folx] = (([p + B2/2]],0)7.
if Igeometry=3,
Fod] = ([lp+ B2/20],0. 1,007
where T spectral constraints}.
call jkO3aa(x)

Diagnostics / Output Files

1. Lcomputederivatives=F
call fe02aa(x, Fy)
computes ay [x; {2, Ky, puy, 64}
2. if( LHevalues, LHevectors, Lperturbed, or
Leheck=5), call he0laa
3. call ra00aa(W) ; write a; to .ext.AtAzmn
4. call writin ; write ext.end, ete.
5. do !l =1, Mvol ! begin parallel
if Leheck=1, call jo00aa(l); |V x By — 1By l;
call sc00aa(l); By, Bg, Be;
call pp00aa(l); Poincaré plot;
enddo ! end parallel

‘packs’ geometrical freedom ;

readin
1. read input namelists from ext.spec

2. normalize toroidal flux, v ; — ¥/ Nvor

0 Ntor Mpol Ntor
3, ZL-ZZLH w9 Y fn
1 —Ntor

4. if Lireeboundary=0, Mvol=Nvol,
if Lireeboundary=1, Mvol=Nvol+1.

5. set geometrical 1eh|||4r17atlon factor,
e.g. for Igeome
ifm; =0, U;; =

ifm; #0, ¥, =

1 n,’ﬂ, for I = 1, Nvol.

6.

if Linitialize=0, read iRbc;,, iZbs;y, ...
if Linitialize=1, interpolate:
e.g. iRbc;; =Rbc; o+ (Rbej nuoi—Rbey o) W,

=

jk03aa(x)

1. Lcomputederivatives=F
call fe02aa(x, Fx)

2. if |[Fy| < forcetol, return

3. iterate on dx = —(VFy) !
to find Fy(x) = 0.

. if Lfindzero = 1,
Lcomputederivatives=F
uses COSNDF(fe02aa; x; c05xtol,c05factor)
function values only

5. if Lfindzero = 2,
Lcomputederivatives=T
allocate hessian= VyFy
uses COBPDF(fc02aa; x; c05xtol,c05factor)
user supplied derivative
deallocate hessian

it

o

ke

all0aa

. Ngeometricaldof~ (Mvol—1)mn ;
also depends on Igeometry & Istellsym,|

do ! =1, Mvol

. if( Tgeometry=2 or Igeometry=3 ) & I=1,

Lcoordinatesingularity=T

. if I < Nvol, Lplasmaregion=T,

if I > Nvol, Lvacuunregion=T.

Py = (A, Atpy) 7,
a = (Af'ke..;.p« A(,P.,.‘j,pz Aﬁ,o,_;r‘pq AC,o.j.p,~ )T

. if Lplasmaregion{,

it Lcoordinatesingularity,
5=(s+1)/2, p; =5/
Apgejppils)p(s)cos(mif — n ()
Ay— GpPi g 3
o Z Apo.jppi(s)Tp(s)sin(m;6 — n;C)
Ae (8)T,(s) cos(m6 — n;()
A Cendp¥i ' 'j
= Z Ao (8)Ty(s) sin(m6 — )

L if Lvacuumregion{,

,Z Apejp p (s) cos(m;0 — n;C)

Ao 0.5,p1p(8) sin(m;@ — n;C)
where T,(s) = Chebyshev polynomial
enddo

if Linitgues=2, call ra00aa(R) ;
reads a;_; Myo1 from .AtAzmn .

if LBeltrami=
if LBeltrami=

1,3,5,7, LBeltramiSeQuad="
,6,7, LBeltramiNewton=1
if LBeltrami=4,5,6,7, LBeltramiLinear="7

1

fe02aa(x, Fy)

do | =1, Mvol ! begin parallel

=

if( lgeometry=2, lgeometry=3 ) & [ =1,
Lecoordinatesingularity=T

2. if | £ Nvol, Lplasmaregion=T
if I > Nvol, Lvacuumregion=T

&

allocate ‘Beltrami matrices’,
Alx]. Blx], Clx], Dlx], £[x. Flx].

L

call ma00ab(A,1)
allocate TTee(1:6,1:L,1:L,1:mn,1:mn),
call ma00aa
_ T i G o
TT = eili T, e 22 e'™ ds df d
€€1,0.p,ig /]/(y 1pjlpe \,@t sdfl d¢

where a; = mé — n;C.

=

if Lplasmaregion, call ma0lag
if Lvacuumregion, call val0aa
compute A,B,C,D,E, F.

p B
m:f (—+—)ch
vay—1 02

1
ja‘T.A.a, + o] B+ ] Capy,

K :/A B dv

§a, Dy +Pf Eay + ] Fab,.

=

call ma02aa(l)
returns ay[x; {4, K, pu, ¢4 1.

=

call volDaa ; V = / dv
Wi

8. do i = 0,1 ; on inner/outer interface;
call bb00aa ; returns [[p + B2/2]], I
enddo

&

if Lcomputederivatives=T,

do i=0,1 ; do j=1,mmn ;

call ma00aa

compute 8,4, 8.8, 8,C, 8,B, 9,&, &, F.
call maOlag or vaO0aa

&F =M (0;b— .M x)

call tr00ab ; 8],

call volDaa ; 8.V

call bb00aa ; 8, B2

enddo ; enddo

0. call ma00ab(D,1) ; deallocate TTee, etc.
enddo ! end parallel

1. call beOOaa(l) ; broadcast ;

2. construct Fy[x]

3. if Lcomputederivatives=T,

ar,
construct VyoFy = —
oy

{0 Ky ks }

ma02aa(l)

. if Lplasmaregion and LBeltramiSeQuad,

. if Lplasmaregion and LBeltramiNewton,

must provide initial guess for (py, a;)”
i. only for Leonstraint= 2

Fy ( Z: ) =W, - % (K — helicity(l])
iterate on

s M 2

5 1) =T
to find V,, o Fa = 0.
uses COBPBF(df00aa; (py, ay)™'s mupftol),

1
Vi Fa

. if Lplasmaregion and LBeltramilinear,

must provide (jy, Az‘-‘)p.[}T

i. if Leonstraint= 0,

call mpOOac(l, gy, Ay, )

ii. if Leonstraint= 1,

iterate on (pu, Ay, )7 to find

I _ [ tinn —oita[l = 1]} _
f (A‘q‘w) - (Aw, — lotall| =0
uses COSPBF(mpO0ac; (jiy, Aty )T mupftol)

iii. if Lconstraint= 2,
not yet supported, try LBeltrami= 2.

if Lvacuumregion,

mpO0ac(l, gz, A,)

. given (g;;,A’eﬁ.'plle, solve for ay,

(A + D) - ap = (B + &)

. if Leonstraint= 1, compute interface transform,

call trO0ab : #, = 6 + A(6,()

df00aa(iflag, 1, ju, a;)

. il iflag=1, compute first derivatives,

aF, e 3}‘3
b da;

. if iflag=2, compute second derivatives,

D2 Fy 9% Fy 9% Fy
—, and ———.
A" dagdyy da;day

heOlaa

. Lcomputederivatives=T

allocate hessian= V, Fy

. call fe02aa

3. if Leheck= 5

compare VFy with finite-difference estimate

. if(LHevalues, LHevectors),

compute eigenvalues & eigenvectors of Vi Fyx

. if Lperturbed, compute linear displacement,

0x = —(VyFy) 1 -V, Fy - 6b;

. deallocate hessian

typefont indicates internal variable or NAG routine; red indicates input variable; blue indicates subroutine; for documentation on each subroutine http://w3.pppl.gov/~shudson/Spec/subroutines.html
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